BACKGROUND: Surgical site infection (SSI) is a costly complication leading to increased resource use and patient morbidity. We hypothesized that postdischarge SSI results in a high rate of preventable readmissions.
Hospital-acquired infections account for a significant amount of morbidity associated with postoperative complications. 1 Surgical site infections (SSIs) are costly and represent the second most common hospital-acquired infection. 2 In October 2011, the Centers for Disease Control and Prevention Division of Healthcare Quality Promotion put forth the ''National Action Plan to Prevent Healthcare-Associated Infections: Roadmap to Elimination,'' 3 which includes a 5-year national prevention target of a 25% reduction in admission and readmission SSIs. Beginning in 2013, according to the Hospital Readmission Reduction Program within the Patient Protection and Affordable Care Act, hospitals will be penalized by Medicare for a higher than expected readmission rate for acute
The authors declare no conflict of interest.myocardial infarction, congestive heart failure, and pneumonia. The list of conditions that will be monitored for readmission is expected to expand over the upcoming years. SSI is one postoperative complication associated with increased readmissions. 4, 5 Postdischarge complications constitute a large proportion of all complications, with SSI, urinary tract infections, pulmonary embolism, and deep vein thrombosis occurring frequently (34% to 66%) after discharge. 6 The rate of SSIs has remained stable; however, with a decreasing length of stay, the rate of postdischarge diagnosis of SSI has increased. 7, 8 We sought to characterize patients diagnosed with SSI infection after discharge and readmission rates of this patient population with the intention of improving surveillance to prevent readmission and the associated complications.
Methods
This is a retrospective analysis of data collected for the National Surgical Quality Improvement Program (NSQIP). The data were collected from January 1, 2006, to June 30, 2011, for the University of Wisconsin by surgical clinical reviewers using an American College of Surgeonsvalidated 8-day sampling system according to NSQIP guidelines. The data set was filtered to include only elective or emergency inpatient procedures identified as general surgery for the surgical specialty category. Outcomes of interest included all patients who were identified as having at least 1 postoperative occurrence of a superficial, deep, or organ space SSI diagnosed in the postoperative period including up to 30 days after surgery. Wound disruption occurrences were omitted from this analysis. The definitions of SSIs were in accordance with NSQIP SSI variables and can be found online. 9 Statistical analysis was performed on independent variables. The Wilcoxon rank sum test was used to compare continuous variables, and the Fisher exact test was used to compare categorical variables. All tests were considered significant at the P , .05 level, and P values were 2 tailed.
Results
The NSQIP database contained 3,633 patients who underwent inpatient general surgical procedures between 2006 and 2011. In this patient population, SSIs infections were identified in 9.9% (N 5 359) of surgical procedures. These patients were compared using the NSQIP descriptors listed in Table 1 ; 55.1% of the patients who developed SSIs were male. There was an overall trend toward increased comorbidities in patients who developed SSIs, and statistically significant associations were noted for a variety of conditions. For example, when compared with patients without SSIs, patients with SSIs were more likely to have dyspnea, partial or total functional dependence, ventilator dependence before surgery, open wounds, bleeding disorders, or sepsis within 48 hours preoperatively. A higher percentage of those patients with severe, life-threatening, or moribund American Society of Anesthesiologists classification also developed SSIs. As expected, healthier patients were less likely to develop an SSI complication.
The timing of SSI diagnosis as a postoperative occurrence is tracked in NSQIP from the day of operation until 30 days after surgery. We compared patients whose diagnosis of an SSI occurred during hospitalization with those diagnosed after discharge and found a trend toward increased comorbidities in those patients who were diagnosed during their index hospitalization (Table 2) . Cigarette smoking, partial or total functional dependence, ventilator dependence before surgery, chronic obstructive pulmonary disease, congestive heart failure, bleeding disorder, and sepsis within 48 hours preoperatively was statistically significantly increased in patients who were diagnosed while they were inpatients. The majority of procedures in our patient population were classified as clean/contaminated; however, a higher percentage of patients with SSI diagnosed during their hospitalization had wound classifications of contaminated or dirty/infected compared with patients with SSIs diagnosed after discharge. Patients with higher American Society of Anesthesiologists classifications were also more likely to have their SSI diagnosed while inpatients. Overall, SSIs occurred more often in patients with increased comorbidities, and the diagnosis occurred while they were inpatients. Increased length of stay was also associated with SSI diagnosis, and this trend continued in patients diagnosed as inpatients as would be expected. Our results are in agreement with previous studies showing that in general patients diagnosed with SSIs after discharge are healthier. 8 This poses a problem in identifying the population of patients who will develop SSIs after discharge in order to institute preventative measures for readmission.
The majority of SSIs (58.1%) in patients diagnosed after discharge were superficial in nature compared with deep (29.6%), organ space (7.6%), and multiple space SSIs (4.7%). Readmission occurred in approximately 54% of patients who were diagnosed after discharge, and one third of those patients developed superficial SSIs. Table 3 compared the NSQIP variables for outpatient treatment versus readmission of patients diagnosed with any SSI after discharge. These patients were similar in their comorbidities overall, except patients with greater than 10% weight loss in the 6 months preceding their operation were more likely to be readmitted. This suggests that it is not entirely the health or comorbidities of the patient that dictates readmission. We additionally found that there was no difference in readmission rates when we compared payer status (ie, private, Medicare/Medicaid, or self-pay) or whether the patient identified our facility as their primary medical facility versus a referring institution. Fig. 1 shows the rates for various types of SSIs requiring readmission and the time from discharge to readmission. Thirty-one percent of all superficial SSIs diagnosed after discharge required readmission, accounting for 33% of the patients readmitted. Eighty-four percent of deep, 92% of organ space, and 87% of multiple space infections required readmission, accounting for 46%, 13%, and 7.5% of total patients, respectively, readmitted with a postdischarge diagnosis of SSI. Readmissions in all groups except organ space SSIs were more likely to occur in the first week after discharge. These findings suggest a critical period of time in which SSI surveillance on an outpatient basis could be beneficial in preventing readmissions.
Overall, the readmission rate for our population regardless of complications was 8.9%. Two percent required readmission without any documented NSQIP complication, and 20.2% required readmission if they had an SSI with or without other complications. Over 20 postoperative occurrence codes exist in the NSQIP database. The occurrence of multiple complications in the same patient could influence the timing of diagnosis or the need for readmission in our patient population. For that reason, a subset of the population who had an SSI as the only postoperative complication was selected for analysis (Table 4) . We found a 10.1% readmission rate in patients with an SSI as their only complication. Over half (58.7%) of the patients who were found to have SSI as their only postoperative complication were diagnosed after discharge from the hospitalization, and 15.6% required readmission. This is in contrast to readmission rates of 2.2% Figure 1 Readmission by SSI type and table of length of time from discharge to readmission.
in patients with an inpatient diagnosis of SSI as the only postoperative complication. When patients in this population were seen in the emergency department (ED) for their SSI, 50% were readmitted compared with 6% when they presented to the clinic. Along the same lines, if patients were seen after 5 PM, 54.5% were readmitted compared with 7.5% who were seen between 8 AM and 5 PM. When SSI is the only complication, the readmission rate was lower than in patients with multiple complications. Importantly, there was a significant increase in readmissions if the diagnosis was delayed until after discharge despite being an isolated postoperative complication.
Comments
Readmissions for preventable postoperative complications are receiving more scrutiny than ever before. 10, 11 The identification of preventable readmissions is increasingly important because payment for these hospitalizations in facilities with a higher than expected readmission rate may be eliminated. 12 Studies have shown that a diagnosis of SSI after discharge is associated with readmission. 2 Currently available surveillance methods are variable in their ability to accurately identify these patients; therefore, the actual number of patients with SSIs diagnosed after discharge is likely higher than reported. 6, 13 This study sought to characterize the population of patients with an after discharge diagnosis of SSI who are at risk for potentially preventable readmission.
Our results are in agreement with previous studies 8 that suggest an after discharge diagnosis of SSI usually occurs in healthy people, making it difficult to identify risk factors for readmission. Once discharged, the patient or his/her family assumes the responsibility for monitoring wound complications. Although patients receive discharge instructions, it is often an overwhelming experience as fears about care outside of the confines of the hospital become apparent. Educational barriers and/or a lack of a support system may interfere with the timely recognition and treatment of an infection.
14 However, social support system and education level variables are not currently available in the NSQIP database for analysis, and they are likely too complex to directly infer causality of readmissions. We did find that neither payer status nor location of medical home affected readmissions in patients with SSIs with or without other complications. This is in contrast to a report in June 2011 that revealed that Medicaid recipients were readmitted for all causes within 30 days nearly twice as frequently as privately insured and uninsured patients. 15 Our study limited the analysis to readmissions after SSI complications with or without other complications, suggesting that the differences between payer groups observed in other studies when all readmissions are included may be caused by complications not related to SSIs. In patients with SSIs, it appears that payer status and medical home are not feasible identifiable characteristics to use for surveillance efforts.
We found that the majority of readmissions related to SSIs diagnosed after discharge occurred in the first week after discharge. This was in agreement with a recent retrospective review of the NSQIP database from 2005 to 2010 that found that 75% of the postdischarge complications occurred within 14 days after discharge and SSIs were among the most common complications. 16 Patients are often discharged home much earlier in their hospitalization than in the past, leaving little opportunity for education and surveillance of SSIs. Evaluation of the discharge process from a systems level has shown that work environment of those discharging the patient (ie, nursing staff) impacts the readmission rate. 17 Checklists have been shown to be effective for increasing safety and reducing complications, which, in turn, could reduce readmissions. 18, 19 Bundling discharge materials with a checklist for the nursing staff to review with patients before discharge may improve the consistency and delivery of information. An early telephone follow-up with dedicated health professionals could potentially intervene in an SSI complication before it becomes necessary for readmission. Our data suggest that efforts toward prevention should target the first and second week after discharge in order to capture the majority of patients.
The use of EDs as urgent care facilities places a heavy burden on these facilities and represents poor resource use. 20 Two percent of all ED visits are patients discharged within the past 7 days. 21 We found that readmissions were much more likely in those patients who were evaluated for their SSI in the ED compared with the clinic. Our population was too small to detect any difference in the comorbidities of those seen in the ED to determine if they were less healthy. Additionally, we did not access information regarding social support or financial resources that may have led to an ED visit rather than a clinic appointment, both of which likely play a role in a patient's decision to seek emergency care. Although social support and financial resources may not be easily controlled, the development of a protocol in which ED physicians/residents unfamiliar with the patient could better direct care after hours when the operating surgeon is unavailable to consult may prevent a reflexive automatic readmission. Effective discharge processes that provide a plan for patients during normal clinic hours will prevent a significant number of unnecessary readmissions as well as lessen the ever-growing burden on the ED. 20 Telemedicine is still in its infancy; however, it has the potential to have a substantial role in providing wound assessments in those patients without the resources available for a clinic visit. Ultimately, this could translate into decreased ED visits and preventable readmissions. Early pilot studies have shown promise with postoperative patient management and decreasing anxiety in vascular surgery patients. 22 Telemedicine is suited for the surveillance of wound care, and studies have shown an improvement in patient satisfaction with telemedicine. 23 The electronic medical record enables sharing of these telemedicine visits for documentation and transmission to the surgeon for decision making. An adjustment of discharge surveillance is necessary to capture the superficial SSI early enough to enable outpatient treatment.
Limitations of our study include the following: it was retrospective, it was performed in a single institution, and it solely used NSQIP variables for the determination of comorbidities and the identification of risk factors. Additionally, 30-day occurrences and readmission surveillance may miss a proportion of the population, especially in cases in which implants are present (ie, mastectomy with immediate reconstruction) and a longer period of surveillance is necessary. 24 Other methods of data collection such as National Healthcare Safety Network (NHSN) or Electronic Medical Record (EMR) surveillance may provide more information to help identify this patient population. 13 Although our reported rate of SSIs was higher than the often-quoted 2% overall rate of SSIs, the rate varies widely depending on the wound classification of the procedure, type of case, length of surveillance, and method of data collection. A population-based retrospective cohort study in 2010 including over 600,000 surgical cases from multiple specialties reported an overall SSI rate of 13.5%. 8 A prospective cohort study of 1,506 patients on a general surgery service measuring inpatient and postdischarge SSIs found that 14.8% developed an SSI. 25 An analysis of SSIs using an American College of Surgery NSQIP data set containing over 600,000 general and vascular surgery cases reported varying rates of SSIs according to wound classification including 2.58% in clean, 6.67% in clean/contaminated, 8.61% in contaminated, and 11.80% in dirty wounds. 26 These studies show the variability of reported SSI rates, and our rate of SSIs was within the range of published data.
In conclusion, after discharge, diagnosis of SSI is a source of potentially preventable readmissions. Given that these patients are often healthy and without clear identifiable risk factors, a generalizable method for all patients being discharged should be implemented. Identifying these patients in the early discharge period and providing interventions in the outpatient setting could mean the difference between a preventable and a necessary readmission. Focusing efforts on the development of strategies for readmission prevention are necessary not only for the health of the patient but also the economics of health care in general.
